
r "  

" .  

A TRIAXIAL 

.- . I  . 

GPO PRICE $ 

CFSTI PRICE(S1 $ 

ff 653 July65 - .  
_I- 

i 

ELECTRON DETECTOR 

K. MI. OGILViE' / 

D. 1. LINO 

T. D. WILKfRSON 

I 

\ 

/ 

\ ,  
- \  

APRIL 1965 



. 
A T r i a x i a l  E l e c t r o n  Detector 

A h y p o t h e t i c a l  sounding rocket  exper iment  fo r  t h e  s t u d y  of  P o l a r  

Cap Absorp t ion  e v e n t s  would be des igned  t o  i n v e s t i g a t e  t h e  pr imary  

p r o t o n  f l u x ,  t h e  r e a c t i o n s  which occur  i n  t h e  a tmosphere ,  b o t h  i o n i c  

and n u c l e a r ,  and perhaps  t h e  composi t ion of t h e  incoming beam. It 

would be aimed a t  unde r s t and ing  the  c o n d i t i o n s  i n  t h e  a tmosphere ,  

s i n c e  s a t e l l i t e  exper iments  are more s u i t a b l e  f o r  t i m e  v a r i a t i o n  s t u d i e s ,  

t h e  d e t e c t i o n  of s m a l l  e v e n t s ,  and t h e  u s e  o f  such  e v e n t s  t o  s t u d y  t h e  

c o n d i t i o n s  i n  i n t e r p l a n e t a r y  space.  

The i n c l u s i o n  of a s u i t a b l e  e l e c t r o n  d e t e c t o r  i n  such  a n  e x p e r i -  

ment s i m p l i f i e s  t h e  i n t e r p r e t a t i o n  of  t h e  r e s u l t s .  Pr imary  e l e c t r o n s  

have n e v e r  been d e t e c t e d ,  b u t  t h i s  is  h a r d l y  p o s s i b l e  i n  a sounding  

r o c k e t  exper iment .  The e l e c t r o n s  produced as a r e s u l t  of t h e  i o n i -  

z a t i o n  of t h e  atmosphere,  having  a t empera tu re  o f  o v e r  200°K, w i l l  

o n l y  be  d e t e c t e d  by a n  i n s t r u m e n t  going down i n  ene rgy  range  t o  z e r o  

i f ,  i n  a d d i t i o n ,  t h e  p o t e n t i a l  of the  r o c k e t  i s  z e r o  o r  p o s i t i v e .  

Th i s  i s  n o t  normal ly  t h e  case. A h igh  energy  component o f  e l e c t r o n s ,  

i n d i c a t i n g  c o i n c i d e n t  a u r o r a l  e f f e c t s ,  should  be  looked f o r  i n  o r d e r  

t o  d i f f e r e n t i a t e  i t s  e f f e c t s  f r o m  those  of  t h e  h e a v i e r  p a r t i c l e s ,  f o r  

example i n  t h e  i n t e r p r e t a t i o n  of r iome te r  o b s e r v a t i o n s .  

Such a d e t e c t o r  should  a n a l y z e  a wide ene rgy  range  i n  d e t a i l ,  from 

r o c k e t  p o t e n t i a l  up t o  a t  least 10 keV, good t i m e  r e s o l u t i o n ,  r a p i d  

s p e c t r a l  s cann ing  and adequa te  s e n s i t i v i t y  r e sponse  i n  several narrow 

a n g u l a r  windows i s  of advantage  i n  us ing  t h e  movement of t h e  v e h i c l e  

t o  d e t e r m i n e  t h e  p i t c h  a n g l e  d i s t r i b u t i o n  of t h e  incoming e l e c t r o n s .  

The s e n s i t i v i t y  of t h e  d e t e c t o r  w e  d e s c r i b e  i s  from 6x105 e l e c t r o n s  

p e r  c m 2  sec s t e r a d i a n  to  more than  6x1O1O e l e c t r o n s  p e r  c m 2  sec s t e r a d a i n .  



. 

The e l e c t r o n  d e t e c t o r  performs a d i f f e r e n t i a l  ene rgy  a n a l y s i s  on 

e l e c t r o n s  which r each  t h e  v e h i c l e  from t h r e e  o r t h o g o n a l  a c c e p t a n c e  

cones  of s i z e  6% d e g r e e s  x 10 d e g r e e s .  

t h e  e n t r a n c e  s l i t s  of t h e  i n s t r u m e n t  are f i r s t  a c c e l e r a t e d  t o  100 e V  

above t h e i r  o r i g i n a l  energy.  Th i s  a s s u r e s  t h e i r  b e i n g  comfor t ab ly  

above the  d e t e c t o r ' s  low energy t h r e s h o l d ,  and h a s  t h e  a d d i t i o n a l  

advantage of reducing t h e  range of p o t e n t i a l s  needed f o r  t h e  e l e c t r o -  

s t a t i c  a n a l y z e r  p l a t e s  which f o l l o w  t h e  a c c e l e r a t i n g  g r i d .  These 

c y l i n d r i c a l  a n a l y z e r s  d e f l e c t  p a r t i c l e s  of t h e  c o r r e c t  energy p e r  

u n i t  charge through 127' u s i n g  p o t e n t i a l s  a p p l i e d  symmet r i ca l ly  above 

and below the 100 Volt a c c e l e r a t i n g  v o l t a g e .  A l l  three a n a l y z e r s  are 

s tepped s imul t aneous ly  th rough  t h e  range of e l e c t r o n  e n e r g i e s  from 

0 t o  10 keV. This range i s  covered i n  16 s t e p s  whose ene rgy  a d m i t t a n c e  

i s  2 8% and whose s p a c i n g  i s  approx ima te ly  l o g a r i t h m i c .  

sequence i s  shown i n  F ig .  1. The d e f l e c t i o n  p o t e n t i a l  r e t u r n s  t o  

z e r o  from t h e  last and h i g h e s t  v o l t a g e  s t e p  i n  a smooth e x p o n e n t i a l  

decay scann ing  t h e  e n t i r e  energy range.  T h i s  s t e p - w i s e  a s c e n t  and ex- 

p o n e n t i a l  d e s c e n t  s i m p l i f i e s  d a t a  a n a l y s i s  and a l s o  a s s u r e s  t h a t  no 

p o r t i o n  of t h e  spectrum w i l l  be  missed.  Except f o r  t h e  common power 

supply which p rov ides  t h e  d e f l e c t i o n  v o l t a g e  f o r  t h e  t h r e e  sets of  

a n a l y z e r  p l a t e s ,  each s e c t i o n  of t h e  i n s t r u m e n t  o p e r a t e s  i n d e p e n d e n t l y  

of the o t h e r  two, w i t h  i t s  own e l e c t r o n i c s ,  power s u p p l y ,  and tele- 

m e t r y  channe l .  

E l e c t r o n s  t h a t  d i f f u s e  i n t o  

The s t e p p i n g  



. 

A f t e r  t h e  energy  of  t h e  e l e c t r o n s  i s  s e l e c t e d  by t h e  a n a l y z e r  

t h e y  e n t e r  t h e  d e t e c t o r  - a windowless e l e c t r o n  m u l t i p l i e r  produced 

. under  t h e  commercial name of "channel t rons" .  These c h a n n e l t r o n s  are 

The o u t p u t  c u r r e n t  o p e r a t e d  as n u l l  d e t e c t o r s  i n  t h e  f o l l o w i n g  way. 

of t h e  c h a n n e l t r o n  is  compared t o  a s t a n d a r d  c u r r e n t ,  which i n  o u r  

p r e s e n t  arrangement  h a s  t h e  v a l u e  of 3 x amperes.  The d i f f e r -  

e n c e  between t h e s e  two c u r r e n t s  i s  used i n  a s e r v o  loop  t o  c o n t r o l  

t h e  h i g h  v o l t a g e  and t h u s  t h e  g a i n  of t h e  channe l t ron .  A s i m p l i f i e d  

b l o c k  diagram of t h i s  system i s  shown i n  Fig.  2. I n  t h i s  method o f  

o p e r a t i o n  t h e  o u t p u t  c u r r e n t  remains v e r y  c l o s e  t o  t h e  v a l u e  of  t h e  

s t a n d a r d  c u r r e n t ,  s i n c e  a n  imbalance between them of  5% c a n  be 

detected. 

character is t ic  which i s  s t a b l e  and c l o s e  t o  l o g a r i t h m i c  o v e r  more 

t h a n  f i v e  decades  of g a i n  as shown i n  F ig .  3. 

ment has t h e  advantage  t h a t  a l o g a r i t h m i c a l l y  compressed a n a l o g  tele- 

met ry  s i g n a l  can be d e r i v e d  s imply  as a f r a c t i o n  of t h e  a p p l i e d  h i g h  

v o l t a g e .  The t e l e m e t r y  s i g n a l  i s  normally z e r o  t o  +5v, compa t ib l e  

w i t h  a s t a n d a r d  r o c k e t  t r a n s m i t t e r .  

The c h a n n e l t r o n s  have  a ga in -vs -app l i ed  h i g h  v o l t a g e  

The re fo re  t h i s  a r r a n g e -  

The servo-sys tem has s e v e r a l  o t h e r  advantages .  

(1) It d i s c r i m i n a t e s  a g a i n s t  g a i n  changes  i n  t h e  c h a n n e l t r o n ,  

s i n c e  t h i s  e f f e c t , w h i c h  i s  d i s c u s s e d  below, i s  a f u n c t i o n  of o u t p u t  

c u r r e n t .  The servo-sys tem neve r  a l l o w s  t h i s  t o  rise above t h e  low 

v a l u e  of 3 x 10-9 Amperes. 



( 2 )  The s i m p l i c i t y  of  t h i s  sys tem a l l o w s  s e v e r a l  d e t e c t o r s  

t o  observe  i n  d i f f e r e n t  d i r e c t i o n s  w i t h  low weight  and power 

requi rements  b u t  a t  t h e  same t i m e  r e t a i n i n g  a wide dynamic 

range. 

( 3 )  This  arrangement  l e n d s  i t s e l f  t o  i n - f l i g h t  c a l i b r a t i o n .  

T h i s  i s  achieved  by u s i n g  a r a d i o a c t i v e  s o u r c e  i n  t h e  fo lowing  

way. For  no i n p u t  t o  t h e  c h a n n e l t r o n ,  t h e  a p p l i e d  h i g h  v o l t a g e  

and g a i n  are a t  a maximum. An i n p u t  f l u x  from a p u r e  - e m i t t i n g  

source  w i l l  s t a b i l i z e  t h e  h i g h  v o l t a g e  a t  a v a l u e  s l i g h t l y  below 

maximum and a l l o w  v a r i a t i o n s  i n  g a i n  o v e r  a range  of a b o u t  10 t o  

be determined.  T h i s  s o u r c e  can  l o c a t e d  i n  such  a p o s i t i o n  t h a t  

t h e  d e f l e c t i n g  p o t e n t i a l  on t h e  a n a l y z e r  p l a t e s  w i l l  sweep most 

of  t h e  p - p a r t i c l e  f l u x  away from t h e  c h a n n e l t r o n  when e l e c t r o n  

measurements are b e i n g  taken .  Thus no dynamic range  i s  l o s t  i n  

o r d i n a r y  o p e r a t i o n .  Exper ience  h a s  shown t h a t  t h e  shape of  t h e  

g a i n  c h a r a c t e r i s t i c  d o e s  n o t  change w i t h  s h i f t s  i n  g a i n  t h u s  

p e r m i t t i n g  t h i s  method of  one -po in t  c a l i b r a t i o n .  

( 4 )  This  servo-sys tem h a s  a r a p i d  response  t i m e ,  a l l o w i n g  

f l u c t u a t i o n s  of 10 c p s .  t o  be fo l lowed.  This h a s  been measured 

by observ ing  t h e  h i g h  v o l t a g e  response  t o  s q u a r e  wave i n p u t  

v a r i a t i o n s .  F ig .  4 shows a o s c i l l o g r a m  of t h i s  v a r i a t i o n  i n  h i g h  

v o l t a g e  a c r o s s  t h e  c h a n n e l t r o n  when t h e  i n p u t  i s  a s q u a r e  wave. 

T h i s  system of  t h r e e  d e t e c t o r s  t h u s  r e q u i r e s  one d e f l e c t i o n  

v o l t a g e  supply  and t h r e e  servo-sys tems,  which are mounted i n  a 



c i r c u l a r  arrangement  shown i n  F igo  5 .  The d i a m e t e r  of  the 

c y c l i n d e r  i s  6 i n c h e s ,  and t h e  l e n g t h  is 5 i n c h e s ,  n o t  c o u n t i n g  

t h e  e x t e n d i n g  ends  of  t h e  ana lyze r s .  These dimens ions  w e r e  

chosen  so t h a t  t h e  package could be mounted i n  a v a r i e t y  of  

e x i s t i n g  sounding r o c k e t s ,  i n  e i t h e r  a v e r t i c a l  o r  h o r i z o n t a l  

p o s i t i o n .  The weight  of t h e  in s t rumen t  i s  unde r  f o u r  l b s .  and 

power consumption i s  two w a t t s  a t  28v. D.C. One t e l e m e t r y  

channe l  i s  r e q u i r e d  f o r  each  of  t h e  t h r e e  d e t e c t o r s  w i t h  a f o u r t h  

channe l  used fo r  d e f l e c t i o n  v o l t a g e  in fo rma t ion .  

a n a l y s i s  a r rangement  d e s c r i b e d  above i s  one a p p r o p r i a t e  f o r  t h e  

s t u d y  of e l e c t r o n  f l u x e s  a l o n g  t h e  o r b i t  of t h e  EGO satellite. 

The ene rgy  

It is e a s y  t o  modify t h i s  s t e p  l a y o u t ;  s o m e w h a t  less e a s y  to  

i n c r e a s e  t h e  upper  ene rgy  of 10 keV. This c o u l d ,  however,  b e  

r a i s e d  t o  approx ima te ly  20 keV by some sacrifice i n  power and 

s e n s i t i v e  area. The number of energy s t e p s  can  of c o u r s e  be  

v a r i e d ,  and t h e  t i m e  s p e n t  on each s t e p  reduced i f  n e c e s s a r y  t o  

approx ima te ly  second. 

As p a r t  o f  a r e s e a r c h  program i n  which t h i s  i n s t r u m e n t  w i l l  be 

f lown on a n  EGO s p a c e c r a f t ,  w e  have under taken  d e t a i l e d  s tud ie s  of 

the long  te rm g a i n - s t a b i l i t y  of t h e  c h a n n e l t r o n  m u l t i p l i e r ,  

a c h a n n e l t r o n  d e s i g n  which a r o s e  from t h e s e  s t u d i e s ,  and by t a k i n g  

r e a s o n a b l e  p r e c a u t i o n s  a g a i n s t  contaminat ing  t h e  semi-conduct ing  

s u r f a c e  of  t h e  t u b e ,  t h e  g a i n  change can  be  l i m i t e d  t o  a f a c t o r  of  

t h r e e  f o r  t h e  one y e a r  l i f e t i m e  of t h i s  s p a c e c r a f t .  

f l i g h t  any  change i n  c h a n n e l t r o n  ga in  i s  a comple t e ly  n e g l i g i b l e  e f f e c t .  

By u s i n g  

Thus f o r  r o c k e t  
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Figure  3.  High vo l t age  ou tpu t  of t h e  servo system as a f u n c t i o n  of i n p u t  c u r r e n t  t o  t h e  
channeltron. 
vo l t age  forms t e lemet ry  ana log  da ta .  

Dynamic range is  more than f i v e  decades. A f r a c t i o n  of h igh  
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F i g u r e  5. S t r u c t u r a l  arrangement  of T r i a x i a l  E l e c t r o n  Analyzer .  


